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Description 

Mon lithtc systems for the controlled release of 
drugs administered orally, are widely used both in 
human and veterinary therapy. The most widely used s 
monolithic systems are matrix systems consisting of 
polymeric supports of more or less hydrophiiic nature, 
within which the active principles are dissolved or dis- 
persed. The geometry of these matrices, prepared by 
compression, and the structural characteristics of the to 
polymers used, control the release of the active princi- 
ples. 

In the case of matrices consisting of a swelling 
hydrophiiic polymer, the penetration of the dissolution 
fluid into the system gives rise to a polymer phase tran- is 
sition from glassy to rubbery state. This transition 
implies a distension of the polymeric chains which 
acquire great mobility and the formation of an increas- 
ing layer of gelled polymer. Diffusion of the active princi- 
ple molecules takes place through the gelled layer, 20 
whereas this does not occur in the glassy state. The 
release kinetic of this matrix system is mainly related to 
diffusion, besides swelling and erosion. In most cases, 
release rate is a function of the square root of time and 
therefore tends to decrease as the thickness of the 25 
gelled polymeric layer and hence the thickness of the 
layer that the drug must cross in order to reach the dis- 
solution fluid, increases with the time. A remarkable 
increase of the external surface of the system occurs 
because of the swelling and this effect contributes to 30 
increase the release rate. Nevertheless the overall 
observed result is a decreased drug release rate, more 
and more significant as the end of the release process 
is approached because of the prevailing effect of the 
increasing thickness of the gelled layer with the time. 35 

Conventional matrix systems release the active 
principle more slowly and at a decreasing rate. They 
consequently do not overcome the disadvantages of 
tracfi tional pharmaceutical forms, such as a peak of hae- 
matic concentration, followed by a relatively sudden fad. 4c 

There have been attempts to overcome these draw- 
backs, which are typical of hydrophiiic matrices and 
related to a non-linear release kinetic. For example, in 
US Patent No. 4,839,177, a system is described which 
consists of a nucleus containing the drug and swelling « 
polymer, having a defined shape, with an insoluble coat- 
ing on one or more of its faces. The purpose of the coat- 
ing is to modulate the swelling of the polymer so as to 
obtain a constant drug release. The system releases 
the drug with a constant kinetic only in cases where a s 
base or the lateral surface are coated so as to delimit 
the releasing area. Moreover, the linear kinetic release 
is obtained only by in using soluble pqjymers. 

EP-A-0 432607 discloses a device for constant 
release of a drug comprising a core which swells on s 
contact with water and a layer partly covering said core 
comprising slowly soluble and/or slowly gellable poly- 
mers. 



The systems of the present invention allow the 
release of active principle at a constant rate, thanks to a 
geometry that varies during the release process. During 
the dissolution, the geometrical modifications of the 
claimed system are such as to determine a further and 
gradual increase in total release surface which compen- 
sates the reduction of release rate caused by the 
increase of gelled layer thickness. 

Thanks to this system, it is possible to release one 
or more active principles contained in the monolithic 
system with a zero order kinetic, such as to maintain 
constant haematic concentrations. 

According to a first preferred aspect the invention 
gives three-layer monolithic systems consisting of two 
external swelling layers separated by an interposed sol- 
uble layer. 

According to another preferred aspect, the inven- 
tion gives two-layer monolithic systems consisting of a 
swelling layer adjacent to a soluble and/or erodibie 
layer. 

Examples of hydrophiiic swelling polymers which 
can be used according to the invention include: methyl- 
cellulose, carboxym ethyl cellulose sodium, crosslinked 
carboxymethyicetlulose sodium, crosslinked hydroxy- 
propytcellulose, high, medium and low molecular 
weight, hydroxy-propyl methylceilulose, carboxymethyl 
starch, polymethacrylate, polyvinylpyrrolidone 
(crosslinked or not), high, medium and low molecular 
weight, polyvinyl alcohols, polyoxyethytene glycols, 
potassium methacrylate-divinyl benzene copolymer and 
their mixtures, in proportions between 5% and 70% by 
weight 

On the other hand, the soluble and/or erodibie layer 
consists in soluble excipients, such as saccharides and 
pdyalcohols, sometimes mixed with polymers selected 
from hydroxyethytcellulose, carboxymethylcellulose, 
alginates, albumin, soluble starch and gelatin in propor- 
tions up to 20% by weight 

Clearly, other excipients conventionally employed in 
pharmaceutical technology can be included in the mon- 
olithic systems of the invention, such as buffering 
agents, preservatives, lubricants and acid, basic or 
amphoteric substances. Examples of these excipients 
include spray-dried lactose, mamitol or other polyalco- 
hols, talc and magnesium stearate or other lubricants. 
Active principles can be present in each layer in weight 
proportions according to their specific activity. 

Monolithic systems of the invention can be pre- 
pared using conventional techniques, for example by 
simultaneous compression of the layers or by joining 
together two or more layers which have been individu- 
ally prepared. 

The invention will now be described with reference 
to the attached Figures, where: 

Figure 1a shows a cross section of a thre -layer 
monolithic system in which the upper, 
centra) and lower layers are marked by the 
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letters U, C and L respectively; 

Figure 1b shows a cross section of a tw -layer mon- 
olithic system in which the upper and 
lower layers are marked by the letters U 
and L respectively; s 

Figure 2 shows a schematic drawing of the evolu- 
tion of the system of in Figure 1a during 
the release process; 

Figure 3 shows a schematic drawing of the evolu- 
tion of the system of Figure 1b during the 10 
release process; 

Figure 4 illustrates the release profiles of the sys- 
tems described in Example 1 ; 

Figure 5 illustrates the release profiles of the sys- 
tems described in Example 2; is 

Figure 6 illustrates the release profiles of the sys- 
tems described in Example 3. 

Both in the cases of Figure 1a and Figure 1b. each 
layer consists of a polymer which can include the active 20 
principle to be released and/or other exctpients with the 
function of controlling the release. 

In the case of Figure 1a, layers U and L consist in a 
mixture containing a hydrophilic polymer and the active 
substance's). On the other hand, layer C consists in a 25 
mixture of a soluble and/or erodible polymer, or a solu- 
ble excipient in which an active principle may be added 
if desired. 

Placing one of these systems in contact with the 
aqueous cfissolution medium, the U and L layers, con- 30 
sisting of hydrophilic, swelling polymer, take up water to 
form a growing layer of gel and the system swells. In this 
way, the drug can be released with a mainly diffusive but 
also partly convective mechanism, governed by the dis- 
tension of the polymeric chains. At the same time the C 35 
layer begins to disappear by dissolution and/or erosion. 

The progressive disappearance of the central C 
layer brings about an increase in the surface of the 
external gelled layers exposed to solvent action, an 
increase added to that caused by the swelling of the U 40 
and L layers. 

The decrease of the release rate with time, due to 
the increased thickness of the gelled layer of the U and 
L layers, is therefore compensated by the fact that the 
erosion and/or dissolution of the C layer brings about an 45 
increase in the releasing area, allowing contact of the 
solvent with the internal surfaces of the U and L layers. 
After a certain period of time, mostly related to the com- 
position of the C layer, the separation of the U and L lay- 
ers takes place. & 

A schematic drawing of the system evolution during 
the release process is shown in Figure 2, where the 
release area increases in time as a result of the disap- 
pearance of the C layer. 

Therefore, the main aspect of this invention is that & 
the C layer plays the role of controller of the release of 
active principles incorporated in the U and L layers. If 
another active principl is previously included in the C 



layer, its releas is controlled by the erosion and/or dis- 
solution of the layer itself. This system, characterized by 
remarkable flexibility, allows a wide range of applica- 
tions in order to obtain suitable release kinetic in the fol- 
lowing cases: 

a) one active substance subdivided between the U 
and L layers; 

b) two active substances, one subdivided between 
the U and L layers and the other one incorporated 
in the C layer, or alternatively, one in the U and the 
other one in the L layer; 

c) three active substances, one in each layer. 

By suitably adjusting the polymer quantities in the 
three layers, it is possible to balance the increase in 
thickness of the gelled layer of the U and L layers and 
the erosion and/or dissolution of the C layer. The 
increase in external surface area will compensate 
reduced release due to the increase in thickness of the 
gelled layer, thus allowing a kinetic of zero order. 
Accord ng to the type and proportion of swelling poly- 
mers and of active principles in the external U and L lay- 
ers, a polymer could if necessary be included in the 
central C layer to delay the dissolution and/or erosion 
process. 

In the case of Figure 1b the U layer consists in a 
mixture of a hydrophilic polymer and an active principle. 
On the other hand, the L layer consists in a mixture of a 
soluble and/or erodible polymer, or a soluble excipient, 
in which an active principle, the same or different from 
the one in the U layer, may be added. 

When one of these systems comes in contact with 
the aqueous dissolution medium, the U layer takes up 
water, giving rise to a gel of increasing thickness, tf a 
swell able hydrophilic polymer is used, the system 
swells. In this way, the drug will be released mainly by a 
diffusion mechanism, in part governed also by disten- 
sion of the polymeric chains. At the same time the L 
layer begins to cfisappear by dissolution and/or erosion. 
The progressive disappearance of the L layer gives rise 
to an increase in surface area of the gelled U layer 
exposed to the action of the solvent added to that due 
to the swelling of the U layer itself. 

Reduction of release rate, due to the increase in 
thickness of the gelled layer of the U layer, is therefore 
balanced by the erosion and/or dissolution of the L layer 
bringing about an increase in release surface area. This 
allows solvent contact with that part of the surface of the 
U layer initially coated by the L layer, tf an active princi- 
ple is incorporated in the L layer, its release is controlled 
by the erosion and/or dissolution of the layer itself. After 
a certain time period, mostly related to the composition 
of the L layer, the complete cfissolution of this layer is 
; observed and only the U layer remains, evolving as a 
simple matrix. 

A schematic drawing of the evolution of the system 
during the release period is shown in Figure 3, where 
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the release area increases in time as a result of the dis- 
appearance of the L layer. 

The following examples iilustrat some multilayer 
matrix systems, according to the invention, which have 
the typical form of a flat or biconvex double- or three- 
layer tablet with or without break-line, prepared by 
simultaneous compression or by joining two or more 
individually prepared layers. The dosage unit can some- 
times consist of a group of monolithic systems con- 
tained in a hard gelatin capsule. 

Example 1 

Preparation of a three-layer matrix system contain- 
ing 100 mg of Atenolol subdivided between the U and L 
layers. 

a) Preparation of Granulate for the U and L Layers 
400 g of granulate contains: 



Type! 



Spray-dried lactose 


176 g 


Magnesium stearate 


20 


Talc 


22 g 



10 In this case the powders are blended to obtain a 
homogeneous mixture. 

Type II 

15 

Spray-dried lactose 1 76 g 

Hydroxyethylcellulose 5 g 

Talc 15 g 

20 Magnesium stearate 4 g 



Atenolol (active principle) 


100 g 


Cellulose acetate phthalate 


8g 


Talc 


80g 


Hydroxypropyl methylcellulose 


75 g 


Mannitol 


128 g 


Magnesium stearate 


4g 


Silicon dioxide 


5g 



In this case, the lactose, part of the talc (10 g) and 
the hydroxyethylcellulose are blended to homogeneity. 
25 The mixture is then wetted with water and granulated on 
a 800 n screen. After drying the granulate is calibrated 
through a 600 y, screen and then mixed with the magne- 
sium stearate and the remaining talc (5 g). 

30 Type 111 



The active principle and part of the talc (50 g) were 
blended in a powder mixer until homogeneous mixture 
was obtained. 

The cellulose acetate phthalate was dissolved in 
560 ml of a 1 2 mixture of ethanol and acetone and used 
to wet the above powder mixture. The mass was then 
granulated on a 800 \l screen, dried and calibrated 
through a 600 ji screen. The granulate thus obtained 
was mixed with the other powders, previously blended. 

h) preparation of Granulate far the C Layer 

Four different mixtures were prepared, three of 
which containing increasing concentrations of a soluble 
polymer (hydroxyethylcellulose) and inert excipients. 

200 g of granulate contains: 





Spray-dried lactose 


171 g 


35 


Hydroxyethylcellulose 


10g 




Talc 


15g 




Magnesium stearate 


4g 


40 The same procedure is used as for Type U 


Type iv 






45 


Spray-dried lactose 


161 g 




Hydroxyethylcellulose 


20 g 




Talc 


15g 


50 


Magnesium stearate 


*g 



The same procedure is used as for type II 



c) Preparation of Three-laver Tablets 

The systems described in this example were 
obtained using a reciprocating tabletting machine 
(Model EKO, Kbrsch, Berlin) and flat punches of 11.3 
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mm diameter for th simultaneous compression of three 
layers, respectively: 

L layer consisting of 200 mg of granulate as point a) 
above; 

C layer consisting of 200 mg of mixture as point b) 
above; 

U layer consisting of 200 mg of granulate as point a) 
above. 

By varying the C layer (types I, II, 111 and IV). differ- 
ent release profiles were obtained: it was noted that the 
optimum polymer concentration in the C layer, to obtain 
a kinetic of the zero order, is that of case 111. 

As reference, simple matrices were prepared by 
compression, consisting of a single layer of 400 mg of 
the granulate as point a), therefore equivalent to the 
whole of the U and L layers of the three-layer matrix 
(typeO). 

d) In Vitro Active Principle Release Tests 

In vitro tests were carried out on the three-layer sys- 
tems and on the one-layer matrices used as reference. 
The dissolution apparatus described in US Pharmaco- 
poeia XXII <711>, pages 1578-9. Apparatus 2, was 
used for these determinations, with a paddle rotation 
speed of 125 rpm. A square screen (I = 33 mm; open- 
ings 1.25 mm) was placed on the bottom of the dissolu- 
tion vessel to prevent the tablets from sticking to it. 
Distilled water at 37°C was used as dissolution medium. 

The amount of active principle released was spec- 
trophotometrically determined at 224.5. nm in a 1 mm 
continuous flow cell, at 5-10-15-30-45-60-90 minutes 
and then every 30 minutes until complete release of the 
active principle. 

Results of the in vitro tests are shown in Figure 4. 
The release profiles of the one-layer reference tab- 
lets and those of the tablets according to this invention 
are clearly different This agrees with the release control 
function played by the central C layer. 

For the type O, one-layer matrices, equivalent to the 
whole of the U and L layers in the three-layer matrices, 
dissolution rate decreases since the early release 
phases, as expected. Actually the overcoming of this 
drawback is the target of this present invention. 

For the type I, three-layer matrices according to this 
present invention, in which the soluble C layer does not 
contain polymers, the release profile has a sigmoid 
shape owing to a too fast detachment of the U and L lay- 
ers: as the increase in release surface area is sudden, 
the release rate increases too quickly. 

Using 2.5% of hydroxyethylcellulose (type II) in the 
C layer, a lin arization of the release profile can already 
be observed. This linearization is almost total in the 
case of type III, 5% of polymer being incorporated into 
the C layer: th release rate is practically constant 
almost till to the end of the release process. 



With a further increase of the polymer content in the 
C layer, the disappearance of the C layer is delayed to 
such an extent as to obtain a release profile comparable 
to chat of type O. 

5 

Example 2 

Preparation of three-layer matrix systems contain- 
ing 400 mg of trapidil subdivided between the U and L 
10 layers. 

a) Preparation of Granulate for the U and L Layers 



15 



20 



25 



30 



35 



550 g of granulate contains: 



Trapidil (active principle) 


400 g 


Hydroxypropyl methylcellulose 


125 g 


Carboxymethylcellulose sodium 


20 g 


Magnesium stearate 


5g 



The first three components were blended in a pow- 
der mixer until homogeneous mixture. 

A 1:1 mixture of ethanol and water was prepared 
and used to wet the powder mixture. The mass was 
granulated on a 800 ji screen, dried and then calibrated 
through a 600 \i screen. The obtained granulate was 
then mixed with the magnesium stearate. 

b) Preparation of a Mixture for the C Layer 

Type I 

200 g of mixture contains: 



40 



45 



50 



55 



Spray-dried lactose 


176 g 


Magnesium stearate 


2g 


Talc 


22g 



Simple mixing is carried out to obtain a homogene- 
ous mixture. 

c) Preparation of Three-Laver Tablets 

The systems described in this example were 
obtained using a reciprocating tabletting machine 
(Model EKO, Korsch, Berlin) and concave punches of 
12 mm diameter for the simultaneous compression of 
three layers, respectively: 

L layer consisting of 275 mg of granulate as point 
a); 

C layer consisting of 200 mg of mixture as point b); 
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U layer consisting of 275 mg of granulate as point 
a). 

As reference, simple matrices were prepared by 
compression, consisting of a single layer of 550 mg of 
granulate as point a), therefore equivalent to the whole 
of the U and L layers of the three-layer matrix (type O). 

d) b vfcY? Active Principle Release Tests 

In vitro tests were carried out on the three-layer sys- 
tems and on the one-layer matrices used as reference. 
The dissolution apparatus described in US Pharmaco- 
poeia XXII (711). pages 1578-9, Apparatus 2, was 
used for these determinations, with a paddle rotation 
speed of 125 rpm. A square screen (I « 33 mm; open- 
ings 1 .25 mm) was placed on the bottom of the dissolu- 
tion vessel to prevent the tablets from sticking to it 
Distilled water at 37°C was used as dissolution medium. 

The amount of active principle released was spec- 
trophotometrically determined at 271 nm in a 1 mm con- 
tinuous flow cell, at 5-10-15-30-45-60-90 minutes and 
then every 30 minutes until complete release of the 
active principle. 

Results of the in vitro tests are shown in Figure 5. 
The release profiles of the one-layer reference tab- 
lets and those of the tablets according to this invention 
are deariy different. This agrees with the release control 
function played by the central C layer. 

For the type O, reference matrices, dissolution rate 
decreases in time, as expected. Actually the overcom- 
ing of this drawback is the target of this present inven- 
tion. 

In particular, a quite high initial dssolution rate is 
observed which decreases progressively. 

For the type I, three-layer matrices according to this 
present invention, the release profile is quite linear, 
owing to the fast disappearance of the C layer. 

Example 3 

Preparation of monolithic two-layer systems containing 
100 mg of Atenolol in the U layer. 

*) pr oration of Granu late for the U Laver 
500 g of granulate contains: 



10 



15 



Atenolol (active principle) 


100 g 


Cellulose acetate phthalate 


8g 


Talc 


80g 


Hydroxypropyl methylcellulose 


75 g 


Mannitol 


128 g 


Magnesium stearate 


4g 


Silicon dioxide 


5g 



20 



The active principle and part of the talc (50 g) were 
blended in a powder mixer until homogeneous mixture. 

A solution of the cellulose acetate phthalate was 
prepared in 560 ml of a 1 2 mixture of ethanol and ace- 
tone and used to wet the above powder mixture. The 
mass was then granulated on a 800 ji screen, dried and 
calibrated through a 600 \l screen. The obtained granu- 
late was then mixed with the other constituents, previ- 
ously blended. 

h) proration of Granulate for the L laver 



25 



30 



(Type H 

200 g of granulate contains: 





Spray-dried lactose 


171 g 




Hydroxyethylcellulose 


10 g 




Talc 


15 g 


35 


Magnesium stearate 


4g 



40 



The lactose, part of the talc (10 g) and the hydrox- 
yethylcellulose were blended to homogeneity. The pow- 
der mixture was wetted with water, granulated on a 800 
ji screen, dried and then calibrated through a 600 u, 
screen. The obtained granulate was mixed with the 
magnesium stearate and the remaining talc (5 g). 

45 c) preparation of Two-Laver Tablets 

The systems descrtoed in this example were 
obtained using a reciprocating tabletting machine 
(Model EKO, Kbrsch. Berlin) and flat punches of 11.3 
so mm diameter for the simultaneous compression of two 
layers, respectively: 



U layer consisting of 400 mg of granulate as point 
a); 

55 L layer consisting of 200 mg of mixtur as point b). 

A reference, simple matrices were prepared by 
compression, consisting of a single layer of 400 mg of 
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granulate as point a), therefore equivalent to the U layer 
of the two-layer matrix (type O). 

d) In Vitro Activ e Principle Release Tests 

5 

In vitro tests were carried out on the two-layer sys- 
tems and on the one-layer matrices used as reference. 
The dissolution apparatus described in US Pharmaco- 
poeia XXII (711), pages 1578-9. Apparatus 2, was 
used for these determinations, with a paddle rotation to 
speed of 125 rpm. A square screen (I « 33 mm; open- 
ings 1 .25 mm) was placed on the bottom of the dissolu- 
tion vessel to prevent the tablets from sticking to it 
Distilled water at 37°C was used as dissolution medium. 

The amount of active principle released was spec- is 
trophotometrically determined at 224.4 nm in a 1 mm 
continuous flow cell, at 5-10-15-30-45-60-90 minutes 
and then every 30 minutes until complete release of the 
active principle. 

Results of the in vitro tests are shown in Figure 6. 20 

The release profiles of the one-layer reference 
matrices and those of the two-layer systems according 
to this invention are clearly different This agrees with 
the release control function played by the L layer. The 
gradual disappearance of the L layer in the type I matri- 25 
ces, in fact allows a gradual increase of the releasing 
surface area such as to achieve a constant release rate, 
unlike what is observed in the case of the reference 
one-layer matrices (type O). 

30 

Claims 

1. Monolithic system for the controlled release of 
active principles, consisting of: 

35 

a) at least one swelling layer containing one or 
more active principles in a matrix of hydrophiiic 
sweiiabie polymers; 

b) at least one credible and/or soluble layer 
consisting of water soluble excipierrts and/or 40 
polymers, possibly containing one or more 
active principles, the same as or different from 
those present in the a) layer, the said erodible 
and/or soluble layer being in contact with the 
swelling layer(s) a). 45 

2. System according to claim 1 consisting of two 
external swelling layers separated by an Interposed 
soluble layer. 

so 

3. System according to daim 1 consisting of a swell- 
ing layer adjacent to an erodible and/or soluble 
layer. 

4. System according to one f the preceding claims in 55 
which the hydrophiiic, swellable polymers of the a) 
layer are selected from: methylcellulose. carboxy 
methylcellulose. crosslinked carbaxymethylcellu- 



lose sodium, crosslinked hydroxypropylcellulose, 
high, medium or low molecular weight hydroxypro- 
pylmethyl cellulose, cartxwymethyl starch, 
polymethacryiate, polyvinylpirrolidone (crosslinked 
or not), high medium or low molecular weight poly- 
vinyl alcohols, polyoxyethytene glycols, potassium 
methacrylate-divinylberuene copolymer and their 
mixtures. 

5. System according to claim 4 in which the 
hydrophiiic polymers are present in proportions 
between 5% and 70% by weight. 

6. System according to any of the claims 1 to 3 in 
which the water soluble polymers are selected from 
hydroxyethyicellulose, carboxymethylcellulose, 
alginates, albumin, soluble starch and gelatin. 

7. System according to claim 6 in which the water sol- 
uble polymers are present in proportions up to 20% 
by weight 

8. System according to any of the preceding claims, 
represented by a plain or biconvex tablet with or 
without break-line 

9. System according to any of the preceding claims 
suitable for oral administration. 

1 0- System according to any of the preceding claims in 
which the constituting layers contain one or more 
ameliorative excipierrts selected from spray-dried 
lactose, mannitol or other polyalcohols, talc, mag- 
nesium stearate or other lubricants. 

11. System according to any of the preceding claims in 
which the active principle is present in the swelling 
layers only. 

12. System according to any of claims 1 to 10 in which 
the active principle is present also in the soluble 
and/a erodible layer. 

13. System according to claims 11 or 12, containing a 
single active principle. 

14. System according to claims 11 or 12, containing 
two or more active principles, different for each 
layer. 

15. System according to any of the preceding claims 
obtained by simultaneous compression of the lay- 
ers or by joining two or three separately prepared 
layers. 

16. Pharmaceutical compositions in which th dosage 
unit consists of a group of systems according t the 
preceding claims, introduced into a suitable con- 
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tainer, such as gelatin capsule. 
PaterrtansprGche 

1 . Monolithisches System fur die tontrollierte Freiset- 
zung von Wirkstoffen (aktiven Prinzipien), das 
besteht aus: 

a) mindestens einer quellbaren Schicht (Quel- 
lungsschicht), die einen oder mehr Wirkstoffe 
(aktive Prinzipien) in einer Matrix aus hydrophi- 
len quellbaren Polymeren enthalt; und 

b) mindestens einer erodierbaren und/oder IGs- 
lichen Schicht bestehend aus wasseriGsfichen 
Exzipienten und/oder Polymeren, die mOgli- 
cherweise ein oder mehr Wirkstoffe (aktive 
Prinzipien) enthalt die gleich oder verschieden 
sind von denjenigen, die in der Schicht (a) ent- 
halten sind, wobei die genannte erodierbare 
und/oder lOsliche Schicht mit der(den) quellba- 
ren Schicht(en) (a) in Kbntakt stent. 

2. System nach Anspruch 1, das aus zwei auGenlie- 
genden quellbaren Schichten besteht die durch 
eine dazwischenliegende lOsliche Schicht vonein- 
ander getrennt sind. 

3. System nach Anspruch 1, das besteht aus einer 
quellbaren Schicht die an eine erodierbare 
und/oder lOsliche Schicht angrenzt. 

4. System nach einem der vorhergehenden AnsprO- 
che, bei dem die hydrophilen, quellbaren Polyme- 
ren der Schicht (a) ausgewahlt werden aus 
Methylcellulose. Carbaxymethylcellulose. vernetz- 
ter NatriunfK^rboxymethylcellulose, vernetzter 
Hydroxypropylcellulose, Hydroxypropylmethytceiiu- 
lose mit hohem, mittlerem oder niedrigem Moleku- 
largewicht Carboxymethylstarke, Polymethacrylat 
(vemetztem oder nicht-vernetztem) Polyvinytpyr- 
roltdon, Polyvinylalkoholen mit hohem, mittlerem 
oder niedrigem Molekulargewicht, Polyoxyethylen- 
glycolen. Kafiummethac^at/DMnylbenzol-Copoly- 
mer und Mischungen davon. 

5. System nach Anspruch 4, in dem die hydrophilen 
Polymeren in Mengenanteilen zwischen 5 und 70 
Gew.-%vortiegen. 

6. System nach einem der AnsprOche 1 bis 3, bei dem 
die wasserloslichen Polymeren ausgewahlt werden 
aus Hydroxyethylcellutose, Carboxymethylcellu- 
lose, Alginaten, Albumin, lOslicher Starke und Gela- 
tine. 

7. System nach Anspruch 6, bei dem die wasserlOsli- 
chen Polymeren in Mengenanteilen von bis zu 20 
Gew.-% voriiegen. 



8. System nach einem der vorhergehenden AnsprO- 
che, dargestelft durch eine ebene (flache) oder 
bikonvexe Tablette mit Oder ohne Bruchnnie. 

9. System nach einem der vorhergehenden AnsprO- 
che. das for die orale Verabreichung geeignet ist 

10. System nach einem der vorhergehenden AnsprO- 
che, bei dem die es aufbauenden Schichten einen 
oder mehr Verbesserungs-Exzipienten, ausgewahlt 
aus sprung etrockneter Lactose, Manntt oder ande- 
ren Polyalkoholen. Talk, Magnesiumstearat oder 
anderen Gleit- bzw. Schmiermitteln, enthalten. 



15 11. System nach einem der vorhergehenden AnsprO- 
che, bei dem der Wirkstoff (das aktive Prinzip) nur 
in den quellbaren Schichten vodiegt 
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12. System nach einem der AnsprOche 1 bis 10, bei 
dem der Wirkstoff (das aktive Prinzip) auch in der 
lOslichen und/oder erodierbaren Schicht vorliegt 

13. System nach Anspruch 11 oder 12, das einen ein- 
zelnen Wirkstoff (aktives Prinzip) enthalt 

14. System nach Anspruch 11 oder 12, das zwei oder 
mehr Wirkstoffe (aktive Prinzipien) enthalt die fur 
jede Schicht verschieden sind. 



30 15. System nach einem der vorhergehenden AnsprO- 
che, wie es erhalten wird durch gleichzeitiges Pres- 
sen der Schichten oder durch Vereinigen von zwei 
oder drei getrennt hergestetlten Schichten. 

35 16. Pharmazeutische Zusammensetzungen, bei denen 
die Dosierungseinheit besteht aus einer Gruppe 
von Systemert nach den vorhergehenden AnsprO- 
chen, die in einen geeigneten Behalter, beispiels- 
weise in eine Gelatinekapsel, eingefuhrt word en 
40 sind. 

Revendlcations 

1. Systeme monolithique pour la liberation corrtrolee 
45 de principes actifs, constitue de : 

a) au moins une couche gonflable contenant 
un ou plusieurs principes actifs dans une 
matrice de polymeres gorrf lables hydrophiles ; 
so b) au moins une couche pouvant s'eroder et/ou 

soluble, constitute d'excipients et/ou de poly- 
meres hydrosolubles, contenant eventuelle- 
ment un ou plusieurs principes actifs, 
tderttiques ou differents de ceux presents dans 
55 la couche a), ladite couche pouvant s'eroder 

et/ou soluble etant en contact avec la ou les 
couches gonflables a). 
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2. Systeme seion la revendication 1, constitue de 
deux couches gonflables extemes s6par6es par 
une couche soluble intercalea 

3. Systeme selon la revendication 1, constitu6 d'une 
couche gonflaWe adjacente a une couche pouvant 
s'froder et/ou soluble. 

4. Systeme selon Tune quelconque des revendica- 
tions pr6c6dentes. dans lequel les pdymfcres gon- 
flables, hydrophiles de la couche a) sort choisis 
parmi : methyteeliulose, carboxymethylcellulose, 
carboxym^thytcellulose r6ticulee sodique, hydroxy- 
propyicellulose reticul6e, hydroxypropylmethyicenu- 
lose de poids mo!6culaire elev6, moyen ou faible, 
carboxym6thyiamidon, polym&hacrylate. polyvinyl- 
pyrrolidone (reticul§e ou non). ateools polyvinyfi- 
ques de poids molScuIaire 6leve, moyen ou faible. 
po!yoxy6thyteneglycoIs, copolymere methacrylate 
de potassium-divinytbenz£ne et leurs melanges. 

5. Systeme seton la revendication 4, dans lequel les 
polymfcres hydrophiles sort presents dans des pro- 
portions comprises errtre 5% et 70% en poids. 

6. Systeme selon Tune quelconque des revendica- 
tions 1 a 3. dans lequel les polymeres hydrosolu- 
bles sort choisis parmi ITiydroxyethylcellulose. la 
carboxym^thylcellulose, les alginates. Talbumine. 
Tamidon soluble et la g6latine. 



w 



is 



1 3. System selon la revendication 11 u 1 2, contenant 
un seul principe actif. 

14. Systeme selon la revendication 1 1 ou 12, contenant 
deux principes actifs ou plus, dlff 6rents pour cha- 
cune des couches. 

15. Systfcme selon Tune quelconque des revendica- 
tions pr6c6dentes, obtenu par compression simul- 
tanee des couches ou en joignant deux ou trois 
couches pr6parees s6par6ment. 

16. Compositions pharmaceutiques, dans lesquelles 
runite posologique est constitute d'un groupe de 
systemes selon les revendications pr6c6dentes, 
irtroduit dans un recipient approprte, tel qu'une 
capsule de gelatine. 
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7. Systeme selon la revendication 6, dans lequel les 
polymeres hydrosoiubles sort presents dans des 
proportions allant jusqu'a 20% en poids. 

35 

8. Systeme selon Tune quelconque des revendica- 
tions prec6dertes, represents par un comprime 
plat ou biconvexe. avec ou sans ligne de rupture. 

9. Systeme selon Tune quelconque des revendica- 40 
tions pr6c6dertes. convenant a radministration 
orale. 

10. Systeme selon Tune quelconque des revendica- 
tions prec6dertes, dont les couches constituartes 45 
contiennert un ou plusieurs excipierts ameliora- 
teurs choisis parmi le lactose pulverise a sec. le 
mann'rtol ou d'autres polyols, le talc, le st6arate de 
magnesium ou tfautres lubrifiants. 

50 

11. Systeme selon Tune quelconque des revendica- 
tions prScGdertes, dans lequel le principe actif n'est 
present que dans les couches gonflables. 

12. Systeme selon Tun quelconque des revendications ss 
1 a 10, dans lequel le principe actif est 6galemert 
present dans la couche soluble et/ou pouvant s'6ro- 
der. 
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FIGURE 1 
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a) three layer tablet 
in the dry state 



solvent 




b) effect of dissolution 
fluid on the tablet 




c) separation of the U and L 
layers following the di- 
sappearance of the C layer 
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layer U 



layer t 




a) two layer tablet in 
the dry state 




b) effect of dissolution 
fluid on the tablet 



1 



mm 



c) condition of the U layer 
after the disappearance of 
the L layer 



FIGURE 3 
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TYPE 0 



TYPI I 




200 300 
tiaa <•*•> 



TYPE II 



200 300 
tiM («!■) 

TIPS' III 




100 200 200 

tiM (ill) 



200 100 



TYPE IV 




100 



200 300 
tia* («la) 



FIGURE 4 
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